This study aims to investigate the effects of cardiopulmonary rehabilitation (CPR) on cardiopulmonary function, quality of life, depression, and hemodynamic parameters in patients with pulmonary arterial hypertension (PAH) and to compare the efficacy of hospitaland home-based exercise programs.
Pulmonary arterial hypertension (PAH) is a debilitating disease characterized by increased vascular resistance resulting in right heart failure and, eventually, death. [1] The diagnosis is made, when pulmonary arterial pressure is measured 25 mmHg at rest and 30 mmHg during exercise, which is obtained through right heart catheterization. [2, 3] Additionally, obtaining values lower than 15 mmHg in pulmonary capillary wedge pressure confirms the diagnosis. [2, 3] Although the benefits of exercise has gained almost an universal acceptance in the treatment of PAH, there is no consensus in the intensity, duration or the methods of the exercise. [4] The offered programs usually contain aerobic, resistance, and breathing exercises. The intensity of the aerobic exercise should be decided by an exercise test based on existing symptoms.
The underlying mechanisms of the beneficial effects of exercise in PAH patients are mainly due to increased aerobic capacity through increased capillary density in the skeletal muscle, changes in the skeletal muscle function (increased oxidative capacity) and morphology (increased type 1 fibers and decreased type 2 fibers), improvement in cardiac functions (decreased right ventricular end-diastolic pressure results in remodeling in pulmonary artery), and improvement in hemodynamics. [4, 5] Although there are many treatment options in PAH, there is no curative therapy, and current pharmacological and non-pharmacological treatment options aim to slow the progression of the disease and to alleviate symptoms. With all the beneficial effects described above, cardiac rehabilitation and exercise can be considered among therapeutic modalities.
In the present study, we aimed to investigate the effects of cardiopulmonary rehabilitation (CPR) on cardiopulmonary function, quality of life (QoL), depression, and hemodynamic parameters in patients with PAH and to compare the efficacy of hospital-and home-based exercise programs.
PATIENTS AND METHODS
This single-blind, prospective, randomized study was conducted at Ege University, Faculty of Medicine, Department of Physical Medicine and Rehabilitation between December 2014 to May 2016. A total of 30 patients with PAH were included in the study. Inclusion criteria were as follows: ≥18 years, PAH diagnosed by a physician and a resting pulmonary arterial pressure of ≥25 mmHg in right ventricle catheterization, [6] Group 1 PAH according to the modified Evian Classification, [6, 7] being in a stable condition for medical treatment for the last three months, receiving no pulmonary rehabilitation within the last six months, and being in the World Health Organization Class II-III PAH. [8] Exclusion criteria were as follows: having a systemic, neurological, cognitive or musculoskeletal disease preventing the patient from exercise, psychiatric conditions hindering compliance to the study, receiving oxygen therapy, having Grade IV PAH, and having a history of syncope within the last six months. A written informed consent was obtained from each patient. The study protocol was approved by the Ethics Committee of Ege University, Faculty of Medicine. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Data including sociodemographic (age, sex, marital status, education, and working status), and clinical characteristics (etiology for PAH, other diagnoses, medications, body mass index [BMI] and pulmonary function tests) of the patients were recorded. All patients were, then, examined for all systems, focusing on musculoskeletal and neurological status. Physical activity status (sedentary lifestyle) was evaluated with questions based on the International Physical Activity Questionnaire (IPAQ). [9] Forty of the patients were deemed eligible for the study. Ten of them withdrew their consent during enrollment. The remaining patients (n=30) were randomly assigned to two groups by a computer program: Group 1 (hospital-based exercise, n=15) and Group 2 (home-based exercise, n=15). Before completion, three patients from each group left the study due to changes in medical management (n=1) and difficulty in transportation (n=2) in Group 1 and due to failure to attend to control visits (n=3) in Group 2. Finally, 12 patients in each group completed the study (13 females, 11 males; mean age 41 years; range 20 to 74 years). The study flow chart is shown in Figure 1 .
Assessment
Cardiopulmonary exercise test: Cardiopulmonary exercise (CPE) test was applied on treadmill (model 770 CE), while having electrocardiography patterns recorded throughout the whole process. Exercise test protocol is defined in Table 1 . Oxygen consumption (VO 2 ) and carbon dioxide production (vCO 2 ) were measured every 30 sec by a metabolic card (Masterscreen CPX, Viasys Test, Healthcare, Jaeger, Würzburg, Germany) using the breath-bybreath technique. Exercise test stopped according to the CPE termination criteria. The peak VO 2 values were obtained. [10] Six-minute walk test (6MWT): This test was applied a day before CPE test under the supervision of a physiotherapist. The patients were asked to walk on a 30-m aisle without obstacles within their normal movement speed. They were free to sit or rest, and test went on until they reached their maximum. Total walking distance was recorded in meters. [11] Short Form-36: It is a multi-purpose QoL scale with a broad range of applications. It was first developed by Rand Corporation in 1992 and has been used since then. [12] The scale consists of 36 items belonging to eight subscales including physical functioning (10 items), social role functioning (2 items), physical role functioning (4 items), emotional role functioning (3 items), mental health (5 items), vitality (4 items), bodily pain (2 items), and general health perceptions (5 items). Subscales are rated from 0 to 100, 0 being the worst possible situation and 100 being the best. [12] Reliability and construct validity in the Turkish population were evaluated in 1999. [13] Beck Depression Inventory (BDI): The BDI was developed by Beck in 1961 to assess the depressive mood in individuals with chronic diseases. [14] It is used to evaluate vegetative, emotional, cognitive, and motivational findings in patients with depression. It is a self-rated tool including 21 items which are scored from 0-3, which complies with behavioral concepts that are coherent with depression. The total score is between 0 and 63. The Turkish reliability and validity studies were performed by Sahin [15] 
Hemodynamic parameters
Hemodynamic parameters were evaluated in all patients using echocardiography by a blind researcher using a 1.7/3.4 MHz transducer (Vivid 7; GE Vingmed Ultrasound, Horten, Norway). Echocardiographic scales were compatible with the recommendations of the American Society of Echocardiography. End-systolic (mm) and end-diastolic (mm) diameters, Week 0
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Week ejection fraction of the left and right ventricles, and systolic pulmonary arterial pressure (SPAP) were recorded.
Treatment protocols
Exercise protocols were designed by a medical specialist who was experienced in CPR and the resulted protocol was three days a week for a total of eight weeks, and 45 to 60 min in each session. The patients in Group 1 received their treatment in the outpatient CPR setting and Group 2 received their treatment at home and each program was specifically designed to the individual's requirements. Exercise program consisted of flexibility exercises, aerobic exercises, and breathing exercises. Flexibility exercises contained stretching and range of motion exercises for the neck, low back, and upper and lower extremities. Aerobic exercises were adjusted to be 30 min, 50 to 70% of the PvO 2 and Borg scale of 13 to 15 on treadmill. [16] All aerobic exercise sessions consisted of five min of warming in the beginning and five min of cooling in the end. Breathing exercises included pursed lip breathing, thoracic expansion exercises, and abdominal breathing exercises.
In the home-based exercise group, the patients were instructed for their flexibility and breathing exercises by an experienced physiotherapist. They were also given guides for the exercises. Walking program was adjusted to be 50 to 70 of the PvO 2 and Borg scale of 13 to 15. They were asked to comply with the program as they did in the hospital as one hour each day for three days a week. They were provided with exercise table showing the dates, and placemarks for their compliance on it.
Statistical analysis
Power analysis revealed that 12 patients were needed for each group for 80% statistical power and alpha (α)=5%. Fifteen patients were planned to be recruited for each group considering a 20% dropout rate.
Statistical analysis was performed using the IBM SPSS version 20.0 software (IBM Corp., Armonk, NY, USA). Descriptive data were expressed in mean ± standard deviation (SD), or number and frequency. The Shapiro-Wilk test was used to assess whether data were normally distributed. Parametric tests were used for data with normal distribution, while non-parametric tests were used for nonnormally distributed data. To analyze the relationship between categorical variables, the chi-square test was used. The Mann-Whitney U test was used to compare variables between the two groups. The intra-group analysis was performed using the Wilcoxon signedranks test. Spearman correlation analysis was carried out to analyze correlation of variables between two groups. A p value of <0.05 was considered statistically significant.
RESULTS
Of the patients, 12 completed the study in each group. There were no significant differences between two groups in terms of the demographic and clinical characteristics. Baseline demographic and clinical data are shown in Table 2 .
Data obtained from the questionnaires and clinical data at baseline are summarized in Table 3 . There were no significant differences between the groups except for the BDI which was found to be significantly higher in the hospital-based exercise group, compared to the home-based exercise group (p=0.03).
The intra-and inter-group analysis results are shown in Table 4 . There was no significant difference in the variables between the groups.
In addition, there was no significant correlation between the PVO 2 and SPAP in either group before and after rehabilitation (before: r=0.09, p=0.68; after r=0.17, p=0.55), (Table 5) .
No adverse events attributed to CPR including syncope, arrhythmia, severe hypotension, and hemoptysis were reported throughout the study. No treatment modification was performed in any of the patients.
DISCUSSION
Pulmonary arterial hypertension is a mortal and debilitating disease, and any intervention which may alleviate symptoms or increase the QoL is valuable. Contributions of exercise to physical fitness in patients with PAH have been shown in previous studies. Exercise in PAH patients should be started in low intensities (<50% of maximum aerobic capacity) and short durations (<30 min per session) and should be stepped up according to the tolerance of the patient. In an ideal maintenance of the program, exercise intensity should be moderate (50 to 75% of maximum aerobic capacity) with duration of 30 to 60 min and three to seven days per week. Exercise frequency should be at maximum the patient can tolerate almost all days of the week.
Although bicycle ergometry causes less symptoms, the ideal modality is treadmill, which is more similar to the daily activities. As an alternative, bicycle ergometry can be used as a step to an easier transition to the treadmill. Exercise with resistance can be given in one session of low-to-medium intensity (about 50% of one repetitive maximum) with a high number of repeats (10 to 15) and two to three days per week. Respiratory muscle exercises should be considered, when weakness is observed in the respiratory muscles. Exercises should be given in one or two sessions of 15 to 30 min in three to seven days a week with ≥30% of the maximal inspiratory pressure. [17] Working with intervals may cause sudden changes in hemodynamics and carry the risk of syncope and is contraindicated. Valsalva maneuver and exercises in water should be also avoided. [18] As high intensity exercise in PAH patients may result in shortness of breath, chest pain and syncope, it is not advisable. [19] In our study, no significant difference in the functional capacity, pulmonary function tests, QoL, depression severity, and parameters of echocardiography was observed between the groups.
One of the most significant findings in PAH is hindrance in exercise. [20] Although the pharmacological therapies developed in recent years has remarkable beneficial effects on disease progression and survival, many patients still exhibit exertional dyspnea and fatigue symptoms. The European Society of Cardiology (ESC) and European Respiratory Society (ERS) guidelines for the diagnosis and treatment of pulmonary hypertension in 2015 recommends exercising while under medical treatment in physically deconditioned patients. [21] Several studies included in meta-analyses to show the effects of exercising on PAH patients revealed that aerobic, resistive, inspiratory muscle or combination of each exercise types increase the exercise capacity. [20, 22, 23] However, these results should not be generalized to all PAH patients, since the ones selected for the studies were between the WHO Class I-IV. [23] There are also studies with no significant beneficial results of exercise on functional capacity similar to our study. [24] [25] [26] One of the reasons may be due to the fact that the exercise protocol was inappropriate for these patients. Another reason is probable incompatibility with PAH patients on therapeutic exercise's frequency, duration, and intensity. Also, patients included in the study were WHO Class II-III, unlike other studies, and this may be an explanation for the discrepancy in the results. Still, progressive nature of PAH and both groups may have resulted in deviations in the exercise capacity. As reported in previous meta-analyses, we agree with the need of more clinical studies to evaluate the effects of exercising on exercise capacity. [20, 22, 23] Due to physical and psychological challenges and being in need of constant medication, PAH patients may also have problems in social relationships with impaired QoL. [27] In several meta-analyses, exercise was found to have beneficial effects on the QoL, particularly on physical functioning. [20, 23] However, our study was unable to show an improvement on the QoL with exercising. Although this can be explained by progressive, unpredictable, and complex nature of the disease, lack of a scale specifically designed for PAH patients may be also the reason for these controversial results.
Furthermore, PAH patients have problems in managing daily activities of life due to exertional intolerance, dyspnea, and fatigue. [28] This results in a higher incidence of depressive mood disorders in these patients. [28] Several studies have shown that problems in physical functioning may induce depression. [29, 30] Moreover, depression itself may cause worse scores on mental and physical health scales. [31] Progressive nature of the disease and not being completely curable by treatments result in social isolation, leading to depression. [28] In our study, depression scores were higher in the hospital-based exercise group, compared to the home-based exercise group at baseline only. While exercise was helpful to maintain lower scores of depression, changes were non-significant in both groups. Although pulmonary rehabilitation is considered an effective method of treating depression in PAH, [31, 32] no studies have shown effects of exercise on depression. Not having an actual treatment besides exercise and a lack of a multidisciplinary approach for depression may be the reason for failed achievement of significant results of exercise on depression, particularly in the hospital-based exercise group.
In the literature, previous studies have not evaluated the effects of exercise on cardiac functions.
In a meta-analysis by Babu et al., [20] it was found to be appropriate not to evaluate the effects of exercise on cardiac functions. It has not been clearly elucidated that improvements in symptoms should be attributed to exercise or functional improvements on the right ventricular function itself. A study conducted by Mereles et al. [33] showed no effects of exercise on the pulmonary arterial pressure. Still, Ehlken et al. [34] observed that 12 weeks of exercise had beneficial effects on the pulmonary arterial pressure and cardiac index. In our study, neither right or left ventricular functional parameters were affected by exercise. In their study, Brown et al. [35] reported that high intensity interval training had hemodynamic effects in PAH patients over non-interval training. Since we used non-interval exercise in our study, this might have contributed to the lack of significant effects on hemodynamics.
In our study, the number of patients with a congenital etiology, whose exercise capacities are better preserved, unless it is terminal stage, was relatively high. This might have led to minor changes in these parameters that could not be observed with mild exercise and statistical non-significance. [36] Compared to previous studies, our patients had a remarkably higher SPAP. [33] This finding indicates that exertional dyspnea is compensated in context of chronicity. Still, we believe that further studies are needed to show the effects of exercise on PAH patients with higher SPAP levels. We were unable to find a correlation between exercise capacity and pulmonary hypertension. Butler et al. [37] also did not find any correlation in 50% of their patients, consistent with our findings. It is assumed that the reason behind this concept may be the importance of right ventricular functions on cardiac output. Therefore, we suggest that further studies should focus on the right ventricular functional tests.
A lack of control group without exertional intervention is one of the main limitations of our study. For a better assessment of exercise, a control group with an absolute lack of intervention may be useful. In addition, this study was completed at eight weeks and all assessments and recordings were obtained at baseline and at the end of treatment. A longer course of exercise may make its effects more significant, thus having meaningful results. One of the other limitations is the lack of assessment of the effects of exercise on endurance capacity. In their studies, de Man [26] and Boutet et al. [38] did not find beneficial effects of exercise on the functional capacity; however, they claimed that exercise improved endurance. Although all of our patients belonged to Group 1 PAH classification, still selection of all patients from the same etiology could have yielded more accurate results.
In conclusion, based on our study results, shortterm CRP seems not to be beneficial without any significant effect on exercise capacity, QoL, depression, and hemodynamic responses in patients with PAH. We recommend long-term rehabilitation programs to achieve more benefits from aerobic exercise training in this patient population. Elucidating underlying mechanisms of PAH would greatly contribute to future studies to evaluate the effects of exercise on symptoms and functionality.
